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Surface-enhanced Raman spectroscopy (SERS) has been a powerful technique 
widely applied in the in-situ investigation of chemical bonding, adsorption 
configuration and orientation of molecules adsorbed on metal surfaces. The wagging 
vibration is sensitive to the interfacial interaction, displaying significant changes in 
the frequency shift and Raman intensity. The SERS signal can be used as a probe for 
characterizing the molecule-surface interaction and identifying surface species on 
nanostructures and metal electrodes. In order to understand the origin of the special 
SERS signal, the p-π conjugated molecules such as terminal olefins, p-substituted 
aniline derivates and benzyl radicals are considered as model molecules to study the 
amine-metal and CH2-metal interactions. Hybrid density functional B3LYP approach 
is performed to calculate harmonic vibrational frequencies and Raman intensities of 
equilibrium structures for adsorbed molecules on silver surfaces on the basis of the 
molecule-cluster model.  
Our calculated results were launched around three aspects of the SERS signal of 
the wagging mode, such as the frequency shift, the Raman intensity and the band 
linewidth.  
(1) Frequency shift. For terminal olefins interacting with Ag surfaces, the ωCH2 
frequency largely depends on the adsorption sites. When the molecules adsorbed on 
neutral silver atoms, the frequency of ωCH2 decreases with the C=C bond length 
increased and increases with the C=C bond length decreased. On the contrary, when 
the molecules adsorbed on the defect sites which can easily induce positively charges 
on the surfaces, the frequencies of ωCH2 have upward shifts. For aromatic amino 
adsorbed on Ag surfaces, the inversion angle of NH2 group is large which indicates 
that the amino is sp3 hybridized to a large extent. The amino wagging frequency 















(2) The strong intensity. We work out the curve of polarizability varies with the 
wagging normal coordinate, reveal the reason of enhancement mechanism through 
comparing the change of polarizability, geometry and orbital energy of the complexes.
It is concluded that the polarizability component αxx is the decisive factor for 
increased intensity. The value of αxx sharp increases as the hybridization of molecule 
moiety change from sp3 to sp2, corresponding to energy of the molecular orbital which 
indicates the interaction between molecule moiety and silver cluster moiety enhanced 
obviously. 
(3) The Reason of Broad Band. For olefins adsorbed on Ag surfaces, the broad 
band may come from the contribution of several different adsorption states. For 
aromatic amino, the influence of the hydrogen bonding on the amino group, the ωNH2 
strongly coupled with the C-H out of plane bending , co-adsorbed congeneric species 
which approach surfaces by the groups vibrating along wagging mode and the 
different adsorption sites are all the possible reasons for broad band. 
 
 








































振动频率的归属而且可以推测 SERS 信号增强的机理。 
 







其光强仅仅约为入射光强的 10-10。拉曼过程是一个发生在光照后 10-12 s 时间内的
双光子过程。分子中电子首先被一个频率为 0v 的光子激发至处于其激发态和基态
之间的一个“虚态”，当电子从“虚态”跃迁回基态时，将发射出光子。由 m nv v→
的跃迁产生的 Stockes 线相当于将某一特定的振动模激发至其第一激发态的激发

















其 Stockes 线和反-Stockes 线对应于 0v v− 和 0v v+ 处的拉曼谱线。通常，拉曼谱










面无关的巨大的的增强效应，即 SERS 效应[7]。 
在 20 世纪 80 年代，人们经过系统和全面的研究，遗憾的发现仅仅在少数金
属（主要是粗糙的 Ag、Au 和 Cu）才具有强的表面增强效应，这严重限制了 SERS
的应用领域。而另一方面，过渡金属在电化学、催化和材料科学中都是极为重要
的材料，如果能将 SERS 技术的应用拓宽至包括过渡金属在内的各种金属和合金
材料将十分有意义。Fleischmann 和 Weaver 研究组分别通过在高 SERS 活性的
Ag 和 Au 基底上沉积超薄过渡金属来获取 SERS 信号[8-9]。但是，厚度仅仅为几
至几十 Å 的超薄金属层难以保证其能完全覆盖住粗糙金属基底，并且其电化学
稳定性和可逆性都较差。这以后的几十年中仅有几篇直接从纯过渡金属表面获取
SERS 信号的报道。直到 20 世纪 90 年代后期，得益于电极处理新方法的发展和
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